This study aimed to assess the dietary quality and food habits in children with pervasive developmental disorder (PDD) and to evaluate the relationship between diet quality of children with PDDs and their caregivers' feeding practice and nutritional perceptions. Twenty-one pairs of caregivers and their children with PDD were surveyed. The caregivers completed surveys regarding their children's weight status, food habits, and dietary quality and their food habits, nutritional perceptions, knowledge, and feeding practices. Dietary quality was assessed as mean adequacy ratio, dietary diversity score (DDS), dietary variety score (DVS), and Index of Nutritional Quality (INQ). The children were in the normal ranges of body mass index (BMI) and Röhrer index. Having three times a meal, regular meal time, salty taste of the caregiver were related to those of the children with PDD (β = 0.533, 0.447, and 0.886, respectively; p < 0.05). Child control, food as reward, involvement, pressure, and restriction for the health of the caregiver were positively related to DDS, DVS, and INQ of the children with PDD (p < 0.05). High feeding stress and nutritional knowledge of the caregiver were related to the high BMI of the children with PDD (β = 0.445 and 0.602, respectively; p < 0.05), whereas emotion regulation, encourage balance and variety, and involvement of caregiver were negatively related to BMI (β = −0.426, −0.430, and −0.388, respectively; p < 0.05). In conclusion, food habits of children with PDD were closely related to those of caregiver. To improve nutritional status, more insightful understand will be required by considering their developmental differences in this population.
INTRODUCTION
Pervasive developmental disorders (PDD) is a group of five disorders characterized by Autism disorder, Asperger's syndrome (AS), Rett's syndrome, childhood disintegrative disorder (CDD), and pervasive developmental disorder (PDD)-not otherwise specified (NOS) [1] . These are combined into one category of autism spectrum disorder (ASD) and characterized by development deficits that commonly produce impairments in social interaction, communication and language, including repetitive or stereotypic behaviors [2] . The worldwide prevalence of PDD has increased over the past 15 years and is reported to be 62.6 per 10,000 in the UK [3] , and 2.64% in South Korea [4] . In line with that trend, studies for PDD which focused nutritional status were conducted [3, 5] ; however, most previous studies compared to dietary intake or nutritional status between children with PDD and normally developing children [3] and few studies have investigated the comparison of these factors in children with PDD.
Problematic feeding and mealtime behaviors in children with PDD have been reported in several studies. In a previous publication, gastrointestinal problems, frequent dislikes of new foods have been documented as higher rates of feeding problems in children with ASD compared to their counterparts [6] [7] [8] . Furthermore, disruptive behaviors such as refusing to come to the table, and not staying seated [9] were shown a higher correlation with stressful meals and family life in high rates children with ASD [10] . Negative impacts of the dysfunctional and stressful mood affected to families of children diagnosed with a neurodevelopmental disability than "typical" families [11] . These Eating difficulties in children with ASD were reported that higher rates of caregiver stress and nutritional deficiencies caused by sensory food aversions such as food neophobia and food selectivity.
Children's eating behaviors, food preferences and consumption pattern are shaped by caregiver feeding style. Furthermore, not only the mother's educational status, job and food management skills but also the interest, eating habits, attitudes, and knowledge of parents directly influence to the nutrient intakes of children [12] . Between 80% to 90% of dietary intake problems observed in children with PDD result from organic disorders [13] , but other possible reasons include the attitudes or behaviors of parents towards their children's dietary problems [14] . Parents of children with PDD tend to have more negative opinions of their children's food intake, eating habits or behaviors, including preferences for certain textures, refusal of new foods and selective behavior that differs from that of normally developing children. Although the behaviors and influence of primary caregivers are closely associated with childhood dietary intake, food habits and behaviors, only a few studies have been undertaken in this area [15] . In addition, research exploring the relationships between dietary quality in children with PDD and the nutritional perceptions or knowledge of primary caregivers has never been undertaken in Korea.
Current study aimed to evaluate food habits and quality of diets in children with PDD and their relationship with nutritional perceptions, knowledge and feeding practices of their primary caregivers.
MATERIALS AND METHODS

Participants
The participants in this study included 21 children with PDD and their primary caregivers. All children were between 6 and 12 years and had been diagnosed with a PDD by a doctor. The 13 boys and 8 girls were recruited from medical centers and community welfare centers, Seoul, Korea. Primary caregivers included parents and grandparents. Informed consent was obtained from all participants. Trained researchers conducted interviews to children with PPD and their primary caregivers, and they completed a survey that included demographic information, anthropometric data and perceptions of nutrition, knowledge and feeding 
Anthropometric data measurement of children with PDD
Primary caregivers reported their children's height and weight, and these data were used to calculate body-mass index (BMI, kg/m 2 ) and Röhrer index. The Röhrer index was used to classify the children into 5 categories; obese, overweight, normal weight, underweight, and severely underweight. Z-scores were also calculated using 2007 Korean National Growth Charts and were assessed using the following range: ± 2 was normal, less than −2 was indicative of malnutrition, less than −3 was indicative of severe malnutrition [16] .
Dietary quality and food habit of children with PDD
A trained dietitian educated the primary caregivers regarding how to complete three-day (2 weekdays and 1 weekend day) diet records of children with PDD. If the primary caregiver did not know what the child ate for lunch at school, the primary caregiver asked the child's teachers directly. All completed records were evaluated for daily intake using the Computer Aided Nutritional Analysis Program version 3.0 (Korean Nutrition Society, Seoul, Korea).
Children's daily intakes were compared with Dietary Reference Intakes for Koreans (KDRIs) and re-evaluated to estimate dietary quality using the nutrient adequacy ratio (NAR), the mean adequacy ratio (MAR), and the Index of Nutritional Quality (INQ). NAR represents the adequacy ratio of each nutrient compared to KDRIs, and MAR is the average level of NARs. INQ is the ratio of nutrient intake for 1,000 kcal and recommended intake for 1,000 kcal; children have good dietary quality vs. dietary quantity if this score is over 1 [17, 18] .
The INQ was also used to assess food variety, food group intake pattern, dietary diversity score (DDS), and dietary variety score (DVS). DDS was used to measure the diversity of the children's food intake. We used the same method to calculate the food group intake pattern, with scores of 1 or 0 points for the different food groups. DVS was the number of foods per day and showed a variety of dietary intake [19] .
Food habits of children with PDD and their caregiver were assessed using questionnaire [20] , which is includes 7 questions covering the following: regular meals, regular time, balance, over-eating, eating speed, salty taste, and picky eating.
Nutritional perception and knowledge of primary caregiver
The nutritional perceptions of primary caregivers were scored according to three aspects using the Nutritional Perception Assessment, which is based on Behavioral Pediatric Feeding Assessment Scale [21] , which is modified to make it more appropriate for Korean society. This questionnaire included 21 items such as nutritional beliefs, perception of nutritional status and feeding stress during meals. A 5-point Likert-type scale was used to score each question.
We used a previously-developed instrument to assess the nutritional knowledge status of primary caregivers that was tailored to the Korean context [22] . Using this scale, a correct answer received 1 point; a wrong answer received 0 points. The highest possible score was 25 points. This tool included 3 questions about carbohydrates, 2 questions about protein, 3 questions about fat, 5 questions about minerals, 4 questions about energy metabolism, and 4 questions about general knowledge. A score over 21 points was considered very good; 16 to 20 was good; 11 to 15 was average; and less than 10 points was poor.
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Feeding practices of primary caregiver
The 12 factors of the primary caregiver's feeding practices were assessed using the Comprehensive Feeding Practice Questionnaire (CFPQ, 2007) . This parental self-report is an adequate method to measure parental feeding practices, and it can be used to assess parents of children with wide age ranges [23] . The 12 domains are child control, emotion regulation, encouragement balance and variety, environment, food as a reward, involvement, modeling, monitoring, pressure, restriction for health, restriction for weight control, and teaching about nutrition. The CFPQ used a 5-point, Likert-type scale in which 1 point meant never or strongly disagree while 5 points meant always or completely agree. A higher score indicated a better use of particular feeding behaviors [24] .
Statistical analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS, version 18.0; IBM Corporation, Chicago, IL, USA). The results were expressed as mean and standard deviation for continuous variables and number (%) for discrete variables. To compare the means of the two groups by gender, we conducted Student's t-test. A χ 2 test was used to verify significance between categorical variables. Pearson's correlation coefficient was evaluated to show patterns of associations among variables. Statistical significance was set at p < 0.05.
RESULTS
Sociodemographic characteristics and anthropometric data of children with PDD and primary caregiver
Sociodemographic characteristics and anthropometric data of children with PDD and their primary caregiver are presented in Table 1 . The mean age was 9.8 years for boys and 10.9 years for girls. The average BMI for boys was 16.4 kg/cm 2 and 17.6 kg/cm 2 for girls. Rörher index scores were 122.8 ± 27.3 for boys and 122.2 ± 17.4 for girls. Children with PDD who were participated in this study within the normal range of BMI and Rörher index scores according to 2007 Korean pediatric growth charts. The participants' Z-score calculated included the BMI for age (Z BMI ) results were mostly negative but still in the normal range of Z-scores: −2 < x < +2.
Mean age of the primary caregiver was 44.4 ± 8.5 years and including 3 of grandmothers (10.0%). 42.9% of the primary caregiver graduate college or university and 46.7% were housewives (data not shown). More than 3 million (won) of monthly incomes were reported from 41.1% of the primary caregiver.
Nutrient intake and dietary quality of children with PDD
When compared with KDRI, almost all nutrients met over 100% of KDRIs but calcium, potassium, and folate were less than 100% of the KDRIs in both genders. Mean energy intakes of children with PDD were 1,716.5 ± 400 kcal/day. Boys consumed 1,772.7 ± 471.3 kcal, 69.7 g of protein, and 55.8 g of fat, and the total calorie:protein:fat (C:P:F) ratio was 56:16:28. Meanwhile, girls took in 1,625 kcal, 62.8 g of protein and 48.6 g of fat, and the C:P:F ratio was 58:15:27 (data not shown). potassium (0.6 ± 0.1), and folate (0.8 ± 0.2) were less than 1.0. For the indicators of food diversity assessed using DDS and DVS, 33% of children achieved the highest score (5 points), 48% of children scored 4 points, and 19% of children had lower DDS score than 3 points. Children with PDD ate an average of 11 different kinds of foods per day. For vegetables, the DDS score of boys was 0.5, but those of girls had 0.9 (data not shown).
Correlations between food habit of children with PDD and primary caregiver Table 2 was shown the relationship between the food habit of children with PDD and primary caregiver. A regular time of the children's eating habits was positively correlated to regular meals, regular time and balance of primary caregiver during their mealtime. However, overeating, salty taste and picky eating of children were positively correlated to unhealthy eating habits such as overeating and salty taste of the primary caregiver.
Correlations of nutritional perception of primary caregivers and weight status, and dietary quality of children with PDD
The relationship between the nutritional perception of the primary caregivers and weight status and dietary quality of the children with PDD was shown in Table 3 . BMI was positively correlated to feeding stress, nutritional knowledge, and restriction for weight control. However, negative correlation was shown in emotion regulation, encourage balance and variety and involvement in the feeding practices of the primary caregivers. In Röhrer index and Z BMI (including Z-score calculated included the height or weight for age) of the children with PDD was shown similar results.
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We observed correlations between the children's dietary quality and the primary caregivers' nutritional perceptions. DDS was positively correlated to food as reward and pressure, but the only environment was shown negative association in the feeding practices of the primary caregivers. DVS was positively correlated to food as reward, involvement and restriction for health. INQ was correlated only with child control, and MAR was not associated with any other dietary quality index.
DISCUSSION
The present cross-sectional study aimed to assess the dietary quality and food habits in children with PDD and their weight status and dietary quality correlation with primary caregiver's food habits, nutritional perception, and feeding practice. The findings demonstrate that the food habits of primary caregiver were related to those of children with PDD. Active feeding practices of caregiver (e.g. food as reward, pressure, involvement, and BMI, body mass index; PDD, pervasive development disorder; Z BMI , Z-score calculated included BMI for age; Z HA , Z-score calculated included the height for age; Z WA , Z-score calculated included the weight for age; MAR, mean adequacy ratio; DDS, dietary diversity score; DVS, dietary variety score; INQ, Index of Nutritional Quality. Significant correlation between 2 variables at *p < 0.05, † p < 0.01.
restriction for health) were positively related to dietary quality assessed using DDS, DVS, and INQ of children with PDD. High feeding stress of nutritional perception and nutritional knowledge of caregiver was related to the high weight status of children with PDD, whereas emotion regulation, encourage balance and variety, involvement and pressure among feeding practices of caregiver were negatively related to weight status.
The anthropometric data of children with PDD were compared with the 2007 Korean National Growth Charts to determine whether they were within the normal range [25] . A previous study reported that children with disabilities were more at risk of high BMI, but the participants in our study were in the normal range of weight. Previous studies also reported that children with PDD had more risk of growth retardation and weight gain or loss [26] .
In the current study, energy intakes of the children with PDDs were met estimated energy requirement for energy (103.2% for males and 102% for females), and not more than reference value, which were not consistent with previous results that concerns about obesity resulting from excessive energy intake [26] . We found that the children with PDDs had less calcium, potassium and folate than KDRI reference value. With respect to calcium, a previous study reported that children with PDDs have consumed plenty of milk and dairy products, but they did not consume enough of other sources of calcium, such as anchovies [27] . In agreement, we found that 80% of children ate dairy products enough assessed using DDS score as a source of calcium. In addition, our findings are consistent with other studies that reported folate and potassium intakes were lower compared to KDRIs. A Chinese study investigated the nutritional status of autistic children, who did not have an adequate intake of calcium, folate or vitamin A [28] . The researchers found that children with autistic disorders consume only small amounts of green vegetables and fruits, which are sources of these nutrients. We found that about 30% of the children with PDD had inadequate intakes of vegetables.
Problematic eating behaviors in children with PDD were induced by food neophobia, sensory problems and sensory factors such as smell, texture, color and temperature [29] [30] [31] . One meta-analysis study has been reported that 46% and 89% of children with ASD had their eating problems [32] . Other previous studies mentioned that the resemblance of the family's dietary preferences and food habits in children with ASD and typical development children [33] . In the present study, similar result was shown in children's food habits and that of their primary caregiver's. Regular meal, time and balanced eating habits of caregiver were related to children's eating behavior during their meal time. Meanwhile, unhealthy eating behaviors such as overeating, salty taste preference and picky eating were also related to those of primary caregivers. In line with this, we suggest children's food preferences and selectivity might be influenced by their mothers' food preferences.
Previous studies have investigated how child characteristics or lifestyle were influenced by parents. Several factors directly affect to diets of children with PDD, such as family members, family environment and schooling hours, but the mother had the greatest factor among them on the child's eating practices [34] . Moreover, the mother's food habits, attitudes and interest in the children influenced the child's dietary perceptions [35] . It also has been reported parenting stress against children with autistic disorder, in a previous study [36] . These factors were represented in the correlations between weight status (BMI and Röhrer index) and the nutritional perception of primary caregiver in this study. Particularly, between higher BMI and z-score of the children and higher scored parents' feeding stress and nutritional knowledge were positively correlated. A previous study reported that parents restricted foods because they believed their children were overweight or obese [24, 37] . When primary caregivers restrict foods, they also watch while the children have their meal and assess the quantity what children had; these practices might lead to feeding stress in caregiver of children with PDD. In contrast, weight status was negatively correlated with emotion regulation, encourage balance and variety and involvement during mealtime. Furthermore, the quality of diet in children with PDD was related to food as reward, pressure, involvement and restriction for health. Lazarou et al. [38] reported that children had higher intakes and better eating behaviors when their parents had better perceptions of nutrition and food habits themselves. In accordance with these reports, the present results were shown active efforts with careful approach of the primary caregiver toward their children's meal and diet.
This cross-sectional study has some limitations. First, the food recall was assessed only for children with PDD without that of primary caregivers. Therefore, it was not performed to compare the dietary resemblance of the children with PDD and their primary caregiver. Secondly, the participants were recruited only from the Seoul metropolitan area in Korea; therefore, our results could not represent of subjects. Lastly, it is not possible to determine which factors caused other factors even the correlations were present and meaningful, no causality was found. Nonetheless, this study was the first to the best of our knowledge that tried to understand the relationship among dietary quality of children with PDD and their caregiver's nutritional perception and feeding practice in Korea. Further evidence-based research is needed to understand the features in children with PDD and their family to build the adequate nutritional strategy in this population.
CONCLUSIONS
In conclusion, we found a relationship between PDD children's dietary quality and primary caregivers' food habit, nutritional perception, and feeding practice. Caregiver's food habits and feeding practices were positively related to the weight status and diet quality of children with PDD. Problematic eating behaviors of children with PDD caused by several familial and environmental factors around them. To improve nutritional status, healthy growth and development of children with PDD, more insightful understand will be required by considering their developmental differences in this population.
